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4.0/).Summary Genital lichen sclerosus (LS), a chronic noninfectious dermatosis, is not rare in pediatric
dermatology. The histopathological diagnosis in children and adults in both genital and nongenital
LS is considered to be the same and encompasses a broad range of possible characteristics. Clinical
manifestations and treatment options of genital LS in children are different depending on gender.
The vast majority of boys are treated with circumcision, making for a larger amount of information
on the histopathology of genital LS in boys, whereas substantial information on the histopathology
of juvenile vulvar LS is lacking. In girls, vulvar LS almost always persists beyond puberty and, there-
fore, presents a particular challenge to clinicians and cause for concern for the patient. Vulvar LS in
childhood and adolescence (juveniles) is underreported, and there are uncertainties with regard to
the long-term course of the disease when it occurs at an age when the vulva is still developing. The
present study investigates biopsies of 100 juvenile cases of vulvar LS and analyzes the presence or
absence of the most salient histopathological characteristics of LS that are described in the literature.var intraepithelial neoplasia; HPV, Human papilloma virus; JVLS, Juvenile vulvar lichen sclerosus; LS, Lichen
; VSCC, Vulvar squamous cell carcinoma.
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24 B. Morrel et al.We found that the range of histopathological characteristics known for adult LS are also present
in juvenile vulvar LS, even at very young ages, including histopathological features associated with
autoimmune disease, in support of the idea of a similar pathogenesis.
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Lichen sclerosus (LS) is a chronic cutaneous disease
with a strong predilection for the genital and perianal skin,
affecting women more often than men [1]. In children, the
reverse might be the case, with boys being more often
affected [2]. Unlike genital LS in boys, where the disease in
the vast majority of cases is treated surgically [2] or in
combination with steroids, this is not the case for girls.
Vulvar LS (VLS) is a chronic remitting disease, treated
topically with emollients and potent steroid ointments [3,4].
Steroids have been shown to be effective in prevention of
progression of the disease in adults [5]. There is a need for
lifelong treatment and follow-up.
VLS in females of any age is associated with pruritus,
pain, dyspareunia and irreversible loss of vulvar architecture
and in adult women is associated with a risk of developing
vulvar squamous cell carcinoma (VSCC) [6]. An estimated
10e15% of the known subjects are children [7,8], with a
prevalence in girls aged 2e16 years estimated to be at least
1:900 [9]. VLS that develops in childhood or adolescence is
referred to as juvenile VLS (JVLS). The majority of juvenile
cases will persist after puberty and beyond [10,11].
The etiology of LS is most likely multifactorial
including autoimmune, genetic, and hormonal aspects as
well as local factors including trauma and urine exposure
[12]. A recent systematic review [13] suggests histopa-
thology to be the gold standard for boys with genital LS
and phimosis. The diagnosis of JVLS in girls is primarily
based on clinical findings rather than on histopathology.
Although VLS in adults gives a 12- to 15-fold increase in
risk of developing VSCC [6], cases of VSCC younger than
18 years have not been reported [10]. Nor are there reports
of juveniles with differentiated vulvar intraepithelial
neoplasia (dVIN), the intermediary between VLS and
VSCC and the presumed precursor of human papilloma
virusenegative VSCC. Until more evidence is available,
long-term or even lifelong surveillance is, therefore,
advised [14].
When a biopsy is performed, the same histopathological
criteria have been used for the diagnosis of LS in childhood or
adolescence as in adulthood. This generally held consensus is
largely based on two historical case series: the study byClark
and Muller [15] with 9 cases and the study by Laymon [16]
with 3 cases. Several standard works describe the basic
characteristics of the histopathology of VLS [17e19], of
which the work of Regauer et al. [18] gives the most sys-
tematic approach. These sources describe a large number of
histopathological features to be considered although nosingle subset of these characteristics is regarded as necessary
or sufficient for the diagnosis. Neither have these histological
diagnostic criteria been used to delineate various stages of the
disease nor have histological differences with regard to
gender or age been analyzed [20]. The aim of the present
study is to examine biopsies of JVLS using a uniform and
semiquantitative methodology, with regard to the histo-
pathological features known for adult LS, as described in the
literature. These histopathological features associated with
JVLS may give insights into the pathogenesis of this disease
and might reveal more appropriate targets for treatment in
these children.
2. Materials and methods
2.1. Materials
2.1.1. Defining the cohort of subjects to be studied
Approval from the institutional review board of our
institution was obtained with regard to the study protocol.
Through PALGA, the Dutch Pathology Registry, the
nationwide network and registry of all histopathology and
cytopathology diagnoses in the Netherlands, a search was
carried out to find all cases in the Netherlands registered as
biopsy-proven VLS in the period from January 1991
through January 2015 for females up to 18 years of age.
There were 328 cases thus identified. No identifiable data
with regard to the subjects were shared with the research
team. Date of biopsy, age at biopsy, the original conclusion
of the pathologists and the name of the laboratory where
the sample was originally analyzed were given.
2.1.2. Retrieving the material
For these anonymously identified cases, the hematoxylin
and eosin (H&E)estained slides or tissue samples, if slides
were unavailable, were requested from the laboratories
throughout the Netherlands. Material was, however, not
always available. The slides or tissue samples from 137
subjects that were obtained from October 2018 through
March 2019 were reanalyzed.
2.2. Methods
2.2.1. Standardization of tissue analysis for research
purpose
PubMed was searched for publications on the histolog-
ical characteristics of VLS. The flagship work of Regauer
et al. [18] was taken as a starting point, augmented by
histological features described by other authors
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described in the literature were grouped by skin layer, as
per the work of Regauer et al. [18]. Items pertaining to
histological findings for vessels, hair, sweat glands, and
nerves as well as the presence of inflammatory cells were
included. All characteristics are categorical and were
grouped in three types of features based on how a tissue
sample could be scored on that particular histological item.
Scores may be a two-point nominal one: yes, no (eg,
epidermal atrophy). Other items are scored on a four-point
ordinal scale either as ‘papillary dermis, superficial, mid-
reticular, deep’ (eg, depth of homogenization) or as ab-
sent, scant, moderate, profound (eg, perivascular infiltrate).
Finally, some items are scored on a four-point quantitative
scale: zero, 1, >1 up to 5, 5 or more (eg, basal apoptotic
keratinocytes). Judgment of the characteristic, as in daily
practice, was carried out by first eyeballing the slide at low
magnification and then studying the slide at high magnifi-
cation. A total of 45 items were decided upon to be scored
for each subject. A semiquantitative analysis of inflam-
matory cells, including lymphocytes, plasma cells, eosin-
ophils, neutrophils, and histiocytes, was carried out. In
addition, details with regard to nerves, blood vessels, and
sweat glands were added. The scoring chart was set up
(Excel) with discrete and limited choices per item, making
it possible to analyze the specimens in a uniform fashion.
The choice of characteristics and scoring was tested inde-
pendently by two expert pathologists on a small number of
samples. Their findings were subsequently discussed item
by item to assure that the list would cover the spectrum of
microscopic findings seen or to be expected. A complete
list of the characteristics and the respective score on that
item are shown in Supplement 1.
2.2.2. Analysis of tissue samples
The two expert pathologists, a gynecopathologist (P.C.E.-
G.) and a dermatopathologist (J.D.), together with the
researcher (B.M.) simultaneously viewed all available slides
of each case to judge the quality of thematerial andwhether it
was correctly registered as vulvar tissue with LS. This was
carried out based on the descriptive methods used by pa-
thologists in daily practice. If the sample displayed a combi-
nation of LS with another dermatological disorder such as a
melanocytic nevus, it was excluded to assure that the char-
acteristics seen were not attributable to any other dermato-
logical condition [23]. If tissue samples but no slides were
sent, or if slides proved to be of poor quality owing to fading
and availability of a tissue block, newH&E slides weremade.
Of the 137 subjects for which material was analyzed, for
16 cases, the material was of too poor quality or the
diagnosis was uncertain; in 7 cases, the diagnosis of VLS
was rejected because the findings were deemed not specific;
8 had been mistakenly coded as vulva; and there were 6
cases of a melanocytic nevus combined with the LS. This
resulted in 100 cases of confirmed VLS comprising the
study group.For the 100 samples that met the aforementioned in-
clusion criteria, the pathologists continued with a complete
detailed systematic analysis as described previously in
Section 2.2.1, scoring the sample on the 45 characteristics
(Supplement 1). Discrepancies were discussed until a
consensus was reached. At each session, about 10e15 cases
were analyzed and recorded in the spreadsheet.
Descriptive statistics were generated using the statistical
package SPSS (IBM SPSS 25) with regard to population
characteristics and the histological findings.
3. Results
The cohort of potential subjects are those 328 females
aged 18 years or younger at the time of biopsy who un-
derwent a vulvar biopsy registered as showing VLS during
the course of 25 years, January 1991eJanuary 2015. Tissue
samples from 137 subjects were obtained, which represents
42% of the entire cohort. After exclusions as described in
Section 2.2.2, 100 cases remained and were included to
comprise the study population, for which the material was
analyzed based on protocol.
3.1. Study population compared with the cohort
To rule out inherent bias, the population characteristics
for the entire cohort of 328 subjects were compared with
those of the study group of 100 confirmed cases with
respect to year of biopsy and age at biopsy.
The distribution of the year of biopsy (Fig. 1A) is similar
in the entire cohort to that of the 100 subjects studied in
depth (Fig. 1B). The chi-square test showed no significant
difference in the year of biopsy between the total cohort
population and study group (P Z 0.54). We note that
despite the fact that in the literature, experts currently
emphasize that VLS in children is primarily a clinical
diagnosis and histology is usually not necessary, we found
that the number of biopsies taken in the Netherlands has not
diminished in the course of 25 years (Fig. 1A).
Age at biopsy for the cohort and the study group is given
in Fig. 1C and D. In both groups, there is a peak in pre-
puberty. For girls in the study group up to 12 years old, the
average age was 7.05 years, similar to what is described in
the literature, that is, 6.7 years at the time of diagnosis. The
chi-square test showed no significant difference in age at
biopsy between the cohort and study group (P Z 0.22).
3.2. Histological characteristics found in JVLS
The 100 cases of histologically confirmedVLS on revision
by our group comprised the study group, for which an anal-
ysis of 45 histopathological characteristics was performed.
There was a wide range of findings from histopathological
features that might suggest very active disease to features
suggesting completely extinguished disease, even despite the
very young age of many of the subjects. The findings are
Fig. 1 Comparison of the population (328 subjects) to the study group (100 subjects) for year and age at biopsy. A, Year of biopsy
of the population; B, year of biopsy of the study group; C, age at biopsy of the population; D, age at biopsy of the study group.
26 B. Morrel et al.discussed in the following section by skin layer, adnexal
structure, and cell type, and the results for the most prominent
characteristics are summarized in Fig. 2. The findings often
included classic features of VLS, as seen in Fig. 3A.
3.2.1. Epidermis
In most cases, the following characteristics were seen:
hyperkeratosis (96%), basal vacuolization of keratinocytes
(88%), as shown in Fig. 3B, and lymphocytic exocytosis
(91%), although usually only scant to moderate. Epidermal
atrophy, seen in 50% of the cases, was not significantly
related to the age of the subject, when evaluated using theFig. 2 Occurrence of histopathological features in juvenile vulvarchi-square-test (PZ 0.77). Epidermal atrophy in an 8-year-
old girl is shown in Fig. 3A. Basal apoptotic keratinocytes
were seen in 47% of cases, although usually less than 5 per
low-power field. In addition, acanthosis was seen in 43% of
cases. A number of characteristics in the epidermis were
infrequently seen: spongiosis (14%), high apoptotic cells
(12%), and basal squamatization (9%). In addition, base-
ment membrane thickening appeared in 8% of cases.
Several characteristics were very rarely or never seen:
obscured interface (2%), psoriasiform hyperplasia (3%),
and vertical columns of parakeratosis (0%).lichen sclerosus (JVLS).
Fig. 3 Histopathological features seen in JVLS. A, Classic vulvar lichen sclerosus (8-year-old child) showing classical features of
epidermal atrophy with orthokeratotic plugging, dermal sclerosis, and a band of lymphoid cells; B, vacuolar interface dermatitis (3-year-old
child) with cell-poor vacuolar degeneration, prominent basal vacuolization, and few apoptotic cells (arrow); C, lymphocytic vasculopathy
(9-year-old child) showing a dense perivascular lymphocytic infiltrate with the transmural influx of lymphocytes (arrow), nuclear debris,
and edematous thickening of the vessel wall; D, deep plasma cells (5-year-old child) illustrating deep lymphoplasmacytic infiltrate at the
level of the deep dermis and subcutaneous fat. JVLS, juvenile vulvar lichen sclerosus.
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In all, 99% cases showed dermal sclerosis; of which in
most cases (98%), the homogenization was in the papillary
dermis or superficial reticular dermis. Papillary edema was
found in 29%of cases, and in 40%of the cases,melanophages
were observed.
3.2.3. Infiltrate
The level of infiltrate was at least superficial. In only one
case was the infiltrate limited to the papillary dermis, and in
20% of cases, the infiltrate was mid-reticular to deep. Inter-
stitial infiltrate was moderate to profound in 80% of cases. A
perivascular infiltrate was always seen, with 76% of cases
being moderate to profound, as shown in Fig. 3C. Lichenoid
infiltrate was seen in only one case. Lymphocytes were al-
ways present, and in 82% of cases, they were moderate to
profound. Plasma cells were present in 46% of the cases,
although usually scant (35%) and sometimes deep (Fig. 3D).
The findings on eosinophils were similar, being present in
37% of the cases, although scant. Neutrophils were less
common (14%of cases). And finally, histiocyteswere always
present (100%), although usually scant (79% of cases).
3.2.4. Vessels
The number of vessels was generally normal (88%), in
11% of cases, this amount showed an increase. Ectatic vessels
were seen in 78% of cases. Hyalinized/sclerotic vessels, on
the other hand, were seen in 23% of cases, and a lymphocytic
vasculitis was seen in just 13% of cases (Fig. 3C).
3.2.5. Hair
Hair follicles were seen in 71 cases. Of these, 58 (82%)
cases had perifollicular dermatitis, as seen in Fig. 4A, andin 59 (83%) cases, lymphocytic exocytosis was seen at the
hair follicle, although almost always scant to moderate.
Basal vacuolization of keratinocytes at the hair follicle was
seen in 50 cases (70%). In addition, 35 (49%) cases showed
hypergranulosis, follicular hyperkeratosis, or plugging, and
26 (37%) cases demonstrated basal apoptotic keratinocytes
(Fig. 4BeC); of which, the majority were categorized as
moderate to profound. On the other hand, 7 (10%) cases
had follicular acanthosis and 13 (18%) had basal membrane
thickening at the hair follicle. Just one case had dystrophic
hair shafts, and one case showed an obscured interface.
3.2.6. Sweat glands
Sweat glands were able to be judged in 69 cases. The
only characteristic scored for sweat glands that was seen in
a substantial number of cases was the influx of lymphocytes
into the sweat gland epithelium (lymphocytic syringotrop-
ism), which is seen in 16 cases (23%). Acrosyringeal
acanthosis was seen once, both acrosyringeal hyperkera-
tosis/hypergranulosis and the influx of neutrophils (neu-
rtrophilic syringotropism) into the sweat gland epithelium
were seen twice, and basal membrane thickening was seen
three times.
3.2.7. Nerves
Nerves were seen in 88 of the cases, in 5 of which (6%) a
perineural lymphocytic inflammation was observed (Fig. 5).3.3. Comparison before and after puberty
Because clinical information was not available, age
more than 12 years was used as a proxy for puberty. There
Fig. 4 Perifollicular dermatitis and vacuolar interface dermatitis affecting the follicular epithelium (6-year-old child). A, Classic
changes of lichen sclerosus can be seen with perifollicular dermatitis; B, perifollicular dermatitis affecting the hair follicle itself; C, higher
magnification showing vacuolar degeneration and apoptosis (arrow).
28 B. Morrel et al.were 76 subjects who were 12 years or younger and 24
subjects who were older than 12 years. Statistical differ-
ences by age more than and less than 12 years were
analyzed using the chi-square test.
3.3.1. Differences in histopathology in those older than
12 years of age
Statistically significant differences were seen for just
three of the characteristics analyzed. Lymphocytic exocy-
tosis of the epidermis was moderate in 32.9% of the pre-
pubertal and in 50% of the postpubertal subjects
(P Z 0.05). Melanophages in the dermis were more oftenFig. 5 Perineural lymphocytic inflammation (9-year-old
child) showing concentric perineural inflammation with lympho-
cytes adjacent to a small nerve.present in biopsies after puberty (32.9% versus 62.5%;
P Z 0.01). Hyalinized sclerotic vessels were present in
15.8% of the younger subjects and in 45.8% of the girls
older than 12 years (P Z 0.02).
3.3.2. Differences in the presence of adnexa in those
older than 12 years of age
Regarding the presence of hair follicles, there was a sig-
nificant difference depending on the age-group, 78.9% of the
biopsies of prepubertal subjects showed hair follicles,whereas
54.2% was the case in postpubertal subjects (P Z 0.017).
Sweat glands were significantly more often present in the
biopsies before puberty than after puberty (77.6% vs. 41.7%;
P Z 0.001). There was no difference by age-group as to
whether nerves were seen (P Z 0.93). The presence of hair
and sweat glands seen more often in the biopsies of younger
subjects may be due to the dimensions of the labia minora of
the prepubertal child, making it more likely to include hair-
bearing skin when taking a vulvar biopsy.
3.4. Summary of the results
In summary, the findings (Fig. 2) are as follows. Hy-
perkeratosis, homogenized collagen/dermal sclerosis, and
vacuolar basal vacuolization of keratinocytes in the
epidermis are nearly always present, whereas epidermal
atrophy was found in half of the cases. A moderate to
profound perivascular infiltrate and ectatic vessels were
seen in three-quarters of the subjects. Regarding the
adnexa, analysis of hair follicles showed perifollicular
dermatitis in more than half of the cases and follicular
Histopathology of JVLS 29plugging in a third of cases. Nerves and sweat glands were
often seen; however, a minority of cases displayed specific
changes attributable to VLS. The interstitial infiltrate, seen
in most cases, was moderate to profound 80% of the time,
although it was superficial in the majority of cases. Most
histopathological features scored do not statistically differ
when comparing before or after puberty. Hair follicles and
sweat glands are more likely to be present in the biopsies of
prepubertal subjects. A complete list of the results is given
in Supplement 2.4. Discussion
The aim of this study is to investigate the histopathology
of JVLS, a subject on which to date there are only small
case series. Material was studied from an historical cohort
of all juvenile girls in the Netherlands who underwent
vulvar biopsies that were originally classified as VLS over
the course of 25 years. The study systematically in-
vestigates the histopathological characteristics attributed to
VLS in 100 juvenile girls, looking at to what extent known
features of adult VLS are seen in this age-group. The full
range of possible histopathological criteria known for adult
LS was analyzed and shown to be present.
The present study is the first large series studying the
histopathology of JVLS. Using a standardized and semi-
quantitative approach, it was shown that the same char-
acteristics as described for adult VLS in the literature [18]
are found in JVLS, with broad variation between cases
and regardless of pubertal status. The most common his-
topathological features that were found in JVLS were
similar to adult LS and included epidermal atrophy,
vacuolar interface dermatitis, dermal homogenization, and
hyalinized vessels. Other less frequent findings were
lymphocytic vasculitis/vasculopathy and perineural
dermatitis. Interestingly, one additional frequent finding,
which is not well documented in the literature in the
setting of LS, is the periappendageal and, in particular,
perifollicular dermatitis. Thus, the present study is the
first substantial study on the histopathology of JVLS and
confirms the assumption previously based on a few
small case series that the histopathology of JVLS concurs
with that of adult VLS and demonstrates the broad range
of possible histopathological manifestations of the disease
across a large cohort.
The methodology used was more extensive than
formerly applied in the study of LS. Previous studies use
the systematic approach of Regauer et al. [18] to describe
the presence and absence of certain features without
quantifying the degree to which characteristics are present.
The seminal publication of Regauer et al. [18] reported that
in early LS, changes of the hair unit such as basement
membrane thickening, appendageal hyperkeratosis, and
hypergranulosis may be observed before the interfollicular
epidermis shows characteristic features of LS, but they didnot describe perifollicular inflammation. In a study by Knio
et al. [24], skin biopsies were analyzed in a heterogeneous
group of 60 subjects with LS, with the median age being 47
years (range Z 6e80), of which 16 were genital, using the
criteria of Regauer et al. [18]. In contrast to Regauer et al.
[18], Knio et al. [24] also found perifollicular inflammation
in 20% of the cases. In the present study, perifollicular
dermatitis was seen in 58 cases (82% of cases, when hair
follicles were present), and keratinocyte apoptosis/necrosis
of hair follicles was seen in 36 cases (50%, if hair was
present). Other studies [21,25] have used the systematic
approach of Regauer et al. [18] in adult populations to
differentiate VLS from other dermatological diseases.
Studies are needed to further elucidate and specify which
histopathological characteristics found in LS may aid in
differential diagnostics. The present study quantifies the
presence and degree of histopathological features associ-
ated with this disease, which can be used in both clinical
practice and research.
In this study of JVLS, the histopathological features
often associated with autoimmune disease are shown to be
present in a large number of cases. Most of the histopath-
ological features found in LS, including characteristics
such as vacuolar interface dermatitis, periadnexal derma-
titis, lymphocytic vasculitis/vasculopathy, and perineural
dermatitis, as well as our observations of profound peri-
follicular dermatitis, have also been described in collagen
vascular diseases [26,27] (such as lupus erythematosus) and
are in support of the presumptive autoimmune basis for
VLS. Whether the degree of perifollicular dermatitis is
more profound in JVLS than in adult LS remains to be
investigated. The follicular involvement seen, with kerati-
nocyte necrosis/apoptosis, is also a common feature of
connective tissue diseases [26]. Immunohistochemical
studies [28] support the immunopathological etiology of
LS. This is in line with current views on VLS, especially in
girls, wherein the available data on immunopathology are
primarily given by family history and serological parame-
ters [29e31]. The role of autoimmunity in males is much
less clear [32]. The findings in the present study give his-
tological data in support of the concept of an immunolog-
ical basis of JVLS.
It should be noted that in the present study, no cases of
dysplasia or suspicion of a premalignant lesion such as
dVIN were seen. Population studies [33,34] show that
developing VLS at a young age increases the risk of
developing a VSCC. However, how this should be inter-
preted specifically with regard to the prognosis for children
suffering from JVLS is yet to be elucidated.
A possible weakness of this study is that cases that were
biopsied may possibly represent a bias toward clinically
uncertain, more severe, or therapy-resistant cases. In addi-
tion, owing to anonymity, the findings cannot be correlated
to clinical parameters such as signs and symptoms or pro-
gression of the disease. The strengths of the present study
include the following. The histological analysis has been
30 B. Morrel et al.carried out in a standardized and systematic manner, look-
ing in depth at which histological features known for VLS
were present. The study group includes 42% of the entire
cohort, without an inherent bias (Section 3.1.1). In addition,
observer bias was reduced by having two expert patholo-
gists simultaneously study the material. The method used
provides pathologists and clinicians with an instrument to
aid in clinical practice by using this systematic approach in
diagnostics of diagnostically difficult or complex cases [21].
Although somewhat more time-consuming for day-to-day
clinical practice, by providing a reproducible scoring
method, opportunity is created for research purposes to help
elucidate the clinical implications of various histopatho-
logical characteristics, for example, perineural infiltrate. In
addition, the method has the potential to be a tool to assess
therapy results in trials as well as to analyze and compare
different demographic groups (males/females, juveniles/
adults, those who develop carcinoma, and those who do
not). In line with the goals of the Lichen Sclerosus Priority
Setting Partnership [35], this could ultimately help to
advance insight into VLS and JVLS, in particular. Future
plans include correlating the histological findings with the
clinical course of the disease. A study is now underway to
trace these women, of whom at present, more than 90%
have reached adulthood, to analyze the course of their dis-
ease, including any treatment they have undergone or
complications they may have experienced, and, if possible,
to correlate this to the histopathological information from
their childhood biopsies.
5. Conclusions
In the present study, using systematic and semi-
quantitative methods, the findings for a series of 100 cases
confirm that the histopathology of VLS in juveniles en-
compasses the entire range of features attributed to VLS in
general. This includes the presence of histopathological
features associated with autoimmune disease. We propose
that studies applying a systematic histopathological anal-
ysis may aid in further clinical research on a number of
topics including the pathophysiology of JVLS, new (sys-
temic) therapy modalities, and differences in demographic
subgroups suffering from LS and in correlating specific
histological findings with clinical information.
Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.humpath.2020.09.003.
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